This study examined sources of variability in physical activity (PA) of youth with developmental disabilities (DD), and determined the optimal number of days required for monitoring PA. Sixteen youth with DD wore two pedometers and two accelerometers for 9 days, including 5 weekdays (W) and 2 weekends (WK). A two-facet in fully crossed two-way ANOVAs were employed to estimate sources of variability across W, WK, and W and WK combined (WWK) for each device. Primary sources of variability were the person and the person by day interaction for both devices. Using a pedometer, four, six, and eight days of measurements were required to determine typical PA levels of the participants during W, WK, and WWK, respectively. Using one accelerometer, four days of measurements were estimated across all days.
Daily physical activity levels of children with developmental disabilities (DD) have been assumed to be lower than children without disabilities, although limited research on daily physical activity of children with DD is available (Fernhall & Unnithan, 2002; Frey, Stanish & Temple, 2008) . To create effective health promotion programs that increase daily physical activity to decrease the health disparity between children with DD and without disabilities, accurate data on daily physical activity levels of all individuals should be analyzed. The first step is to identify the source and magnitude of variability in daily physical activity levels. It has been reported that the high degree of variability in physical activity within and among individuals in free living settings makes it hard to determine the daily physical activity levels of individuals regardless of age and gender (Montoye & Taylor, 1984) .
Variability of daily physical activity can be due to intra-individual variability and inter-instrument variability. Intra-individual variability in physical activity occurs because physical activity behavior changes naturally from one measurement period to the next (Bassett & Strath, 2002) . Intra-individual variability refers So-Yeun Kim is with the Department of Kinesiology and Physical Education at Northern Illinois University in DeKalb. Joonkoo Yun is with the Department of Nutrition and Exercise Sciences at Oregon State University in Corvallis.
to differences in the physical activity level in a person from day to day (Baranowski & de Moor, 2000) . Intra-individual variability should be considered in the measurement of daily physical activity because physical activity levels of an individual can vary from day to day, and such variability can make the estimations of daily physical activity difficult (Baranowski & de Moor, 2000; Levin, Jacobs, Ainsworth, Richardson, & Leon, 1999) . Inter-instrument variability occurs because the same instruments provide inconsistent data under the same set of circumstances (Bassett & Strath, 2002) . Understanding how much variability exists between units and how variable responses are over time is important because it affects the accuracy of data (Welk, Schaben, & Morrow, 2004) .
To date, very limited information is available regarding intra-individual variability and inter-instrument variability in daily physical activity levels of children with DD. Several researchers examined intra-individual variability in the daily physical activity of individuals without disabilities by identifying the minimum number of monitoring days to capture representative information of daily physical activity in children using pedometers (Rowe, Mahar, Raedeke & Lore, 2004; Vincent & Pangrazi, 2002) and uniaxial accelerometers (Janz, Witt, & Mahoney, 1995; Trost, Pate, Freedson, Sallis, & Taylor, 2000) as well as adults using pedometers and uniaxial accelerometers (Gretebeck & Montoye, 1992) ; however, there are two issues applying the results to children with disabilities.
First, children with DD may have less intra-individual variability in daily physical activity compared with children without disabilities. It has been assumed that children with developmental disabilities (DD) have lower daily physical activity levels than do children without disabilities, although there is only limited information regarding the daily physical activity levels of children with DD (Fernhall & Unnithan, 2002) . Tudor-Locke and Myers (2001) reported that further studies are needed to examine the minimum numbers of days required for monitoring physical activity of sedentary populations because they may need fewer measurement days than active groups.
Second, the previous studies did not examine inter-instrument variability, differences between same instruments of the same brand. Inter-instrument variability has been examined using a mechanical setup that allows for a standardized amount of movement or by comparing outputs from instruments worn on opposite hips of the same individuals. Intra-individual variability and inter-instrument variability can occur simultaneously while assessing daily physical activity, however. Both sources of variability should be examined at the same time. Therefore, the purpose of this study was to examine the sources of variability in daily physical activity levels of children with DD and to determine minimum numbers of days required for monitoring typical physical activity levels of children with DD.
Method Participants
A convenience sample of 16 secondary students (3 female and 13 male) between ages of 12 and 20 years with DD (M = 16.7 years, SD = 2.7 years) participated in this study. The participants were recruited from four secondary schools (4 middle and 12 high school students) in two school districts, in the rural areas of North-western United States. Among the participants with DD, there were 9 students with intellectual and developmental disabilities, 2 students with Down syndrome, 2 students with autism, 1 student with traumatic brain injury, and 2 students with developmental delay. To minimize confounding factors of the participants with DD, three criteria were used: (a) receive education in special education classes, (b) have an intellectual disability, and (c) do not have any physical disabilities. Because the participants' personal information were not accessible to the researchers, and the schools did not provide IQ scores due to school district policies, special education teachers verified this condition based on the diagnosis of the school districts.
Instruments
Pedometers. Omron HJ-112 pedometers (Omron Healthcare, Vernon Hills, IL) were used to measure number of steps that each participant accumulated throughout the day. This pedometer (2.13 in.  0.63 in.  2.88 in., 1.13 oz.) has unique features to count steps according to the manufacturer's claim. First, this pedometer does not count steps until it has registered over four seconds of movement, which can eliminate the chance of counting nonstep movements as steps. Second, this pedometer is capable of counting steps correctly even when the front of the main unit is placed at an angle of more than 60 degrees from the ground as well as when it is horizontal to the ground. This feature may accurately measure steps of individuals with high waist circumference, because this pedometer may be less susceptible to errors that occur due to tilt. Moreover, the pedometer can store steps for seven days. It has an internal clock that automatically resets the counts to zero, so users do not have to press the reset button every day.
Pedometers were used after examining the proper calibration using the "shake-test" developed by Vincent and Sidman (2003) . Each pedometer was placed in a shipping box from the manufacturer and shaken 100 times. To decrease abnormal movements, the box was moved in a vertical direction while the bottom of the box remained in contact with a table surface. The shake test was performed twice for each pedometer before and after the study. No pedometers exceeded ± 5% error, ± 5 steps out of 100.
Accelerometers. The accelerometers used to measure the acceleration of body movement were Actiwatches (Mini-Mitter, Bend, OR). This small and light watch-like device (one square inch, .6 oz.) contains an omnidirectional sensor that is sensitive to motion in all directions (Mini-Mitter, 2000) . An increase in the degree of speed and motion produces an increase in voltage, and the device stores this information as activity counts. The device can accumulate activity counts based on a sampling time from 15 s to 2 min. In this study, 30 s intervals were used. To ensure the consistency among the accelerometers, before data collection, two researchers wore six devices on the waist for 3 hr. Each device was worn at least 10 times. Root mean secure of error measurement was calculated and instruments greater than 15% of errors were recalibrated by the manufacture before actual data collection procedures.
Procedures
All the participants wore two pedometers, attached to a Velcro belt on their waists. The pedometers were placed in line with the middle of the right thigh of each participant to examine consistency of the instruments. In addition, two accelerometers were both placed on the wrist of the dominant hand of each participant with a nonremovable plastic wrist band. Participants were instructed not to cut the band unless they felt discomfort. Data from accelerometers and pedometers were collected by a researcher at least every two days. In addition, parents/guardians and teachers of each participant were asked to keep a daily physical activity log.
Consistent placement of pedometers was emphasized to the participants and their parents. All participants were instructed not to tamper with the instruments to prevent inflating counts. Moreover, pedometers were sealed to prevent inflating counts or accidentally resetting the instruments. Participants were asked to wear pedometers and accelerometers for 11 days including 7 weekdays and 4 weekend days between April and June. The first two weekdays were for familiarizing participants with wearing instruments. The participants were asked to wear two pedometers from the time that they got up in the morning until bedtime, except swimming and showering, and they wore accelerometers throughout the entire data collection.
Data Analysis
Generalizability theory (G-theory) was used in this study. G-theory allows researchers to estimate reliability while identifying multiple sources of error separately in a single model (Goodwin, 2001; Morrow, 1989; Shavelson, Webb, & Rowley, 1989 ). It provides not only a single coefficient but also magnitudes of variability due to different source of error (Shavelson & Webb, 1991) . The sources of error (e.g., trials, occasions, raters) are called facets, and the facet levels are called conditions (Shavelson, Webb, & Rowley, 1989) . Two types of studies can be conducted using G-theory, generalizability study and decision study (D-study; Morrow, 1989) . A G-study is designed to provide estimates of the variance components associated with each facet and their interactions (Morrow, 1989; Shavelson, Webb, & Rowley, 1989) . A D-study is designed to make substantive decisions about a measurement protocol using the results of the G-study (Morrow, 1989; Shavelson, Webb, & Rowley, 1989) .
G-Study.
Research questions for the source of variability were examined using a two-facet fully crossed design. Instruments and days were considered random facets. Fully crossed designs indicate that all of the facets are treated as random, and all participants are crossed with all other facets in the model (Morrow, 1989) . The facets are treated as random if facets are considered interchangeable with others (Shavelson & Webb, 1991) .
Data from pedometers and accelerometers were analyzed separately because they measure different aspects of physical activity behaviors, so they cannot be interchangeable. The data also were analyzed in three different ways: weekdays, weekends, and weekdays and weekend days combined. Physical activity patterns during weekdays and weekend days may be different, indicating they may not be not treated as a random facet. No conclusive information is available, however, on the difference in the physical activity patterns of children with DD between weekdays and weekends.
A total of six separate two way ANOVAs were used. Two separate 2 by 5 (instrument  day) ANOVAs were employed to examine sources of variability in weekday physical activity levels for pedometers and accelerometers. For weekend days, a 2 by 4 (instrument  day) ANOVA was employed separately for two different devices. Finally, two separate 2 by 9 (instrument  day) ANOVAs were employed to examine sources of variability in daily physical activity levels (weekdays and weekends combined) for two different devices.
Seven sources of variability (Table 1) were estimated from the ANOVA results; the seven sources of variability include variance associated with persons, days, and instruments, three two-way interactions (person by day, person by instrument, and day by instrument), and the residual term (three-way interaction plus error). The sources of variability were determined using the VARCOMP procedure from SAS. The percentage of variance associated with each source of variability was calculated by dividing each variance estimate by the total variance.
From the estimated variance components, generalizability coefficients were also calculated. Like reliability coefficient on classical test theory, generalizability coefficients indicate how accurate the generalization is from an individual's observed score is to his or her true universe score (Shavelson & Webb, 1991) . Two different coefficients can be calculated in G-theory based on absolute and relative (Shavelson, Webb, & Rowley, 1989) . Relative decisions are based on the relative standing of participants, and use G coefficients (Shavelson, Webb, & Rowley, 1989) .
D-Study.
Research questions related to minimum number of days required for monitoring daily physical activity were examined using a D-study. By increasing or decreasing the number of facet levels (days and instruments), the minimum number of facet levels required to establish the desired generalizability was determined.
Results
Descriptive statistics for each device across weekdays, weekends, and weekdays and weekend days are presented in Table 2 . Participants with complete data from pedometers and accelerometers across weekdays, weekends, and all days combined were used.
G-Study
Pedometers. Variance component estimates and their relative magnitude for daily physical activity levels measured with pedometers are presented in Table 3 . During weekdays, the largest source of variability was the person (53.16%), and the second largest source of variability was the person by day interaction (44.04%). During weekends, the largest source of variability was the person by day interaction (57.95%), and the second largest source of variability was the person (39.06%). During weekdays as well as weekends, the other variance components were very low. When data of weekdays and weekend days were combined, the primary sources of variability were the person by day interaction (52.61%) and the person (32.93%) while the day facet was also associated with 13.71% of total variance. The estimated generalizability coefficients for the average data from two pedometers across five weekdays was high (G = 0.85 phi = 0.85), while moderate generalizability coefficients (G = 0.73, phi = 0.72) was estimated for the average data of two pedometers across four weekend days. When data from weekdays and weekend days were combined, high generalizability coefficients (G = 0.85, phi = 0.82) was also estimated for the average data from two pedometers across 9 days.
Accelerometers. Table 4 shows estimated variance components and relative magnitude for accelerometers. Similar results found across the days including weekdays, weekend days, and when weekdays and weekend days were combined. During weekdays, the largest source of variability was the person (55.29%), while the person by day interaction and residual were associated with 25.76% and 18.83% of the total variance, respectively. During weekends, relatively large variances were due, to the person (51.06%), to the person by day interaction (25.76%), and to the residual (18.83%). When data of weekends and weekday days were combined, primary sources of variability were due to the person (49.88%) and to 
10.20%
Note. 1 Relative magnitude was calculated using estimated variance divided by the total variance. 2 Negative variance components were set to zero in subsequent calculations as suggested by Morrow (1989) .
the person by day interaction (37.13%), while the residual was associated with 8.85% of the total variance. High generalizability coefficients were estimated across all three data sets. Estimated generalizability coefficients for the average of two accelerometer data from five weekdays were G = 0.89 and phi = 0.89, and four weekends days were G = 0.82 and phi = 0.82. In addition, when data of weekdays and weekend days were combined, generalizability coefficients (G = 0.92, phi = 0.91) were estimated for the average data from two pedometers across nine days.
D-Study
Pedometers. Minimum numbers of days required for monitoring daily physical activity levels was determined using a D-study (Table 5 ). To achieve generalizability coefficients of .80 in the measurement of daily physical activity during weekdays, at least four days of measurements with a pedometer were estimated. During weekends, six days of measurements with two pedometers or seven days of measurements with a pedometer were estimated. When data of weekdays and weekend days were combined, eight days of measurement using a pedometer was estimated. Figure 1 presents estimated phi coefficients as the number of measurement day were increased using one pedometer.
Accelerometers. The results of the D-study are presented in Table 6 . To achieve generalizability coefficients of 0.80 in the measurement of daily physical activity during weekdays, at least four days of measurements with an accelerometer or three days of measurement with two accelerometers were estimated. During weekends, four days of measurements with an accelerometer was estimated. In addition, when data from weekdays and weekends were combined, four days of measurement using an accelerometer was required. Using one accelerometer, estimated phi coefficients as the number of measurement day were increased are presented in Figure 2 . 
Discussion

G-Study
The results of G-study for both pedometers and accelerometers across weekdays, weekends, and weekdays and weekend days combined indicated that primary sources of variability were the person and the person by day interaction components whereas instrument, person by instrument, and instrument by day variance components were negligible. These results suggested that variability in daily physical activity levels of secondary students with DD are related to behavioral variability, indicating physical activity levels vary naturally from day to day, rather than systematic error associated with Omron HJ pedometers and Actiwatches. The variance component of the person indicates individual differences among the participants in their daily physical activity levels. The person by day interaction component suggests that some participants accumulated a large number of steps on one day, but not on others. The variation may be due to participation in physical education classes or after school physical activity on particular days. According to the daily physical activity logs, four participants reported participation in practice for Special Olympics programs on the different days. Some participants attended both adapted physical education classes and regular physical education classes on the particular days. The variance component of instruments was less than 0.4% for both Omron HJ pedometers and Actiwatches, which indicates consistency between the two instruments for both devices. The person by instruments, and instrument by day variance components were very low (< 0.02%), indicating consistent differences between Omron HJ pedometers and between Actiwatches across participants and days. These indicate that high reliability evidence of Omron HJ pedometers and Actiwatches for the measurement of physical activity in secondary students with DD during free living settings.
The residual variance, 18.83% for weekdays and 10.20% for weekends for Actiwatches, suggests that variability occurred across days and instruments, and the differences vary by the participants. In addition, it could be due to an unknown source of error which was not measured in the study (Shavelson & Webb, 1991) . Because the participants wore accelerometer for 24 hr, there might be more sources of variability than "days" and "instruments."
D-Study
The minimum number of days required for monitoring daily physical activity levels was determined with a D-study based on the results of the G-study. In practice, it is unlikely that two instruments would be used to measure the daily physical activity levels of individuals, so the only results with one instrument are discussed. In addition, only the estimated phi coefficients based on absolute decisions were discussed because the relative standing of the participants in this study had no bearing on the results; a participant's daily physical activity did not depend on how physically active his or her peers were.
The results of D study indicate that at least 8 days of monitoring physical activity levels (phi = 0.80) are needed to determine typical physical activity levels of secondary students with DD using a pedometer, based on the assumption that the daily physical activity pattern during weekdays and weekends are same. Fewer days of measurement are required to determine typical physical activity levels of the participants during weekdays or weekends compared with weekdays and weekends combined. This would be useful information for professionals who may be interested in the promotion of daily physical activity only during weekdays or weekends. To determine daily physical activity levels during weekdays, measurements need to be obtained from at least 4 weekdays (phi = 0.82), while 7 weekend days (phi = 0.82) of measurements are required to determine typical physical activity levels during weekends. In the previous studies, daily physical activity levels of youth with DD were measured for 3 days (Eiholzer et al., 2003) , 6 days (Suzuki et al., 1991) , or for 14 days (Nardella, Sulzbacher, & Worthington-Roberts, 1983 ) with pedometers.
There have been no studies that examined sources of variability in daily physical activity levels (measured with pedometers) of secondary students with DD. However, the study by Rowe et al. (2004) examined variability in daily physical activity levels of middle school students without disabilities. The study estimated that at least six days (R = 0.83) of monitoring were needed to capture typical physical activity patterns of middle school students without disabilities using intraclass correlation coefficients with data from weekdays and weekends com-bined. Direct comparison should not be made between the studies because the study examined only one source of variability (day).
The results of the D-study estimated that at least 4 days of monitoring daily physical activity using one Actiwatch were required to determine daily physical activity levels (phi ≥ 0.80), whether data from weekday and weekend days were combined or separated. In the previous studies, five (Rosser Sandt & Frey, 2005) and 7 days (Foley, Bryan, & McCubbin, 2008; Kozub, 2003; Whitt-Glover, O'Neill, & Stettler, 2006) were used to monitor daily physical activity levels of youth with DD. Different recommendations have been proposed to examine moderate and vigorous physical activity levels of children without disabilities using the intraclass correlation.
Using uni-axial accelerometers, Trost et al. (2000) recommended 5 days of monitoring children (Grade 1-6) and 9 days of monitoring adolescents (Grade 7-12), whereas Janz, Witt, and Mahoney (1995) suggested 6 days of data collection for children between 7 and 15 years old. Although the results of these studies do not directly allow comparison with the current results, neither study examined intra-individual variability and inter-instrument reliability of daily physical activity level at the same time. There might be less variability in daily physical activity levels of secondary students with DD compared with those without disabilities, when intensity levels of movement were measured.
Based on the results, Actiwatches compared with Omron HJ pedometers required fewer monitoring days to determine typical physical activity level. Pedometers and accelerometers measure different aspects of physical activity. Accelerometers measure the acceleration of body movement whereas pedometers measure ambulatory behaviors. The result may suggest that daily acceleration of body movement in secondary students with DD vary less than their daily ambulatory behaviors.
Limitations
A few limitations in this study should be noted. First, the placement of Actiwatches on the wrist was used for monitoring daily physical activity levels of the participants. Mixed results on accuracy of the wrist placement have been reported. Results of three studies (Bouten, Sauren, Verduin, & Janssen, 1997; Chen et al., 2003; Melanson, & Freedson, 1995) indicated moderate associations between acceleration data from the wrist site and energy expenditure for adults. However, the study by Swartz and colleagues (2000) reported that the wrist placement on adults accounted less than 5% of the variance in observed METs while the hip placement explained 32% of variance. Although the trunk placement has been commonly used for accelerometers to determine physical activity levels of children with and without DD, limited information is available on comparison between wrist and trunk placements for children. Compared with the placement on the trunk, the wrist placement may be less accurate against energy expenditure, but it may be more feasible to use for determining daily physical activity levels of children because they do not have to take off accelerometers while changing clothes or going to the bathroom. Second, the participants had various types of disabilities although their cooccurring conditions were intellectual disability and they did not have any physi-cal disabilities. Third, the age range of the participants was large. Fourteen participants were considered as adolescents (age ≥ 13 years) and two students were children (≤ age 12 years), although the age range of the participants was between 12 and 20 years old. Among the adolescents, two participants were 20 years old. Because the legal school-age population for individuals with disabilities is up to 21 of age, we included them in the analysis. Fewer numbers of participants did not allow us to separate the data analysis based on the same diagnostic category and age, which may be related to variability in daily physical activity levels of the participants.
Recommendations for Further Research
Source of variability in daily physical activity levels of secondary students with DD were mainly related to behavioral variability, not analytic variability. Further research should examine different profiles of physical behavior patterns of children with DD since some children had consistently high or low levels of physical activity across days (environment), whereas other children were more sensitive to daily changes. Their profiles may help to design effective intervention strategies to promote daily physical activity levels of secondary students with DD.
Also, investigating intra-individual variability of moderate and vigorous physical activity (MVPA) would be a good addition to the literature because of the significant relationship between MVPA and health. Another possible area to be explored in further studies is to examine whether physical activity patterns of students with DD during weekdays and weekends are different. If it does, "week' should be a unit of analysis rather than "day" to determine habitual physical activity levels of student with DD during weekdays and weekends.
